A patient with severe diarrhea was successfully diagnosed as having acute intestinal GVHD on stool smear through detection of detached intestinal epithelial cells with apoptosis. Since a stool smear can be easily obtained non-invasively, it is a possible tool for the diagnosis of acute intestinal GVHD.
Acute graft-versus-host disease (GVHD) of the intestine in a patient undergoing allogeneic bone marrow transplantation (BMT) is manifested by diarrhea with or without bleeding and can be confirmed by rectal biopsy. 1, 2 Recently, it has been revealed that apoptosis of epithelial cells is an important feature in acute GVHD. 3, 4 However, since the intestine is not as readily biopsied as skin, diagnosis is difficult at times.
Specimens from stool smears can be easily obtained noninvasively, unlike the situation with rectal biopsy. Detached intestinal epithelial cells have been detected in the stools of patients developing GVHD; 5 however, no reports have dealt with apoptosis of these detached cells and their contribution to the diagnosis of acute intestinal GVHD.
Here, we report a case of acute intestinal GVHD successfully diagnosed by examination of stool smears and detection of detached intestinal epithelial cells with apoptosis.
Methods
Stool smears were prepared from the mucus from stools collected on paper diapers. Cells were stained by Hansel and Papanicolaou staining and observed by light microscopy (Nikon, Tokyo, Japan).
Apoptosis of epithelial cells was diagnosed by the morphological findings of pyknotic nuclei and confirmed by the DNA nick end labeling method using an in situ apoptosis detection kit (Takara Shuzo, Kyoto, Japan). Cytomegalovirus was detected by indirect fluorescence using a specific anti-CMV antibody (DAKO JAPAN, Kyoto, Japan).
Bacterial and fungal cultures of stools were performed with commercially available media such as SB (Nippon Becton Dickinson, Tokyo, Japan) for fungi, OPA (Nippon Becton Dickinson) for methicillin-resistant Staphylococcus aureus, PASA (Nippon Becton Dickinson) for Pseudomonas, CIN (Nippon Becton Dickinson) for Yersinia, CAM (Nippon Becton Dickinson) for Campylobacter, Selenite F Broth (Becton Dickinson, Cockeysville, MD, USA) for Salmonella, CT-SMAC (bioMerieux, Tokyo, Japan) for E. coli 0157, CCMA (Nissui, Tokyo, Japan) for C. difficile, BA (Nippon Becton Dickinson), BTB (Eiken, Tokyo, Japan), MAC (Eiken), SS (Eiken), and TCBS (Eiken). For viral culture, stool specimens were inoculated into human fibroblasts and Rhesus monkey kidney cells, and observed for cytopathic changes. Rotavirus and adenovirus were detected by commercially available latex agglutination tests, Rota-Adeno Dry (Orion Diagnostica, Espoo, Finland).
Case report A 1.-year-old boy was diagnosed as having acute lymphoblastic leukemia in April 1993. The peripheral white blood cell count was 225 000/l at diagnosis and karyotypic analysis revealed that the blasts showed the chromosomal translocation of 11q23. Complete remission was obtained by intensive chemotherapy and was maintained thereafter.
BMT from a genotypically HLA-one locus (DPB1) mismatched unrelated donor was performed in May 1996. The conditioning regimen consisted of 4 mg/kg/day of busulfan for 4 days (total dose 16 mg/kg) and 60 mg/kg/day of cyclophosphamide for 2 days (total dose 120 mg/kg). The number of mononuclear cells infused was 4.55 × 10 8 /kg and the clinical course after BMT is summarized in Figure 1 . Cyclosporin A (CsA) was administered at a dose of 2.5 mg/kg/day (50 mg/day) (i.v.) beginning the day before marrow infusion, and 15 mg/m 2 of methotrexate (MTX) was administered on days 1, 10 mg/m 2 on 3, 6 and 13 as prophylaxis for GVHD. CsA was monitored by enzyme immunoassay in order to maintain a blood CsA level of 100-250 ng/ml. Two g/kg of G-CSF was administered for 14 days after BMT.
The blood count indicated good engraftment up to day 17; however, erythema appeared on day 17 and involved the whole body. After administration of prednisolone (2 mg/kg/day), it gradually resolved, with pigmentation and desquamation. Erythema reappeared on the face, upper extremities and trunk on day 36 and severe bloody diarrhea (500 ml/day) developed on day 40. Stool smear revealed the presence of numerous neutrophils and detached intestinal epithelial cells, but no apoptotic cells were found. After readministration of prednisolone (30 mg/day, 1.5 mg/kg/day) and a dose increase of CsA to 160 mg, the erythema and bloody diarrhea gradually resolved. On day 74, bloody stools reappeared. Although the CsA dose was controlled to maintain a blood CsA trough level of 100-230 ng/ml, the bloody stools continued. Intestinal biopsy performed on day 86 revealed severe erosion with degenerative epithelial cells, suggestive of GVHD, but this finding was not sufficient for a definitive diagnosis of GVHD. Stool smears obtained on the same day as the biopsy revealed the presence of numerous neutrophils without detached intestinal epithelial cells. Bloody stools continued in spite of administration of prednisolone and CsA.
Intestinal biopsy was again performed on day 152. In this specimen (Figure 2a) , degenerative epithelial cells were apparent, with evidence of pyknotic nuclei in some, morphologically suggesting apoptosis. However, the DNA nick end labeling method was not positive (Figure 2b ). Stool smears obtained on the same day as the biopsy revealed the presence of numerous neutrophils, lymphocytes, monocytes, macrophages and detached intestinal epithelial cells (Figure 2c) . Most of the detached intestinal epithelial cells exhibited apoptosis, having pyknotic nuclei. The DNA nick end labeling method revealed positive findings (Figure 2d ). Detached intestinal epithelial cells were histochemically confirmed using rabbit polyclonal anti-keratin antibody (DAKO, Japan). The patient underwent pulse therapy with methylprednisolone, after which the bloody stools resolved, and apoptotic cells completely disappeared from stool smears obtained 24 h after the pulse therapy.
No pathogens were detected from stool specimens throughout this period.
Discussion
Complications after BMT include acute GVHD, toxic effects of chemotherapy and irradiation given prior to BMT, infections and side-effects of immunosuppressive, antibiotics and other drugs. Many of these agents produce changes strikingly similar to those of GVHD. 6 Bloody diarrhea developed after day 40, and the role of chemotherapy and radiation in its aetiology may be excluded since lesions caused by these agents recover by day 20. 7 Enterocolitis due to various pathogens is frequently observed in patients undergoing BMT; 8, 9 however, frequent stool examination for bacterial, viral and fungal infection did not reveal any infection. Since CMV infection produces similar histological changes to GVHD with apoptosis of epithelial cells, 10 frequent estimation of CMV antigenemia and specific antibodies for CMV, and immunohistochemical analysis using anti-CMV antibody on stool smear were performed, which revealed no evidence of CMV infection. Also, since complete disappearance of the apoptotic cells from the stool smear obtained 24 h after pulse therapy occurred with improvement in the bloody stools, the detached intestinal epithelial cells with apoptosis were thought to be a sequel of acute GVHD of the intestine.
Acute intestinal GVHD could not be diagnosed at the time of initial biopsy (day 86), since the lesions did not warrant a definitive diagnosis of GVHD. As a result, the etiology of the diarrhea was unclear until day 152. The second biopsy on day 152 revealed intestinal GVHD morphologically, but apoptotic cells were undetectable by the DNA nick end labeling method of the biopsy specimen. However, stool smears taken on the same day as the biopsy revealed detached intestinal epithelial cells, with apoptosis detected by the DNA nick end labeling method. This finding indicates that the stool smear is sometimes more sensitive for the detection of apoptosis by the DNA nick end labeling method than the biopsy specimen. Since biopsy is superior to stool smear for the diagnosis of early stage GVHD when very few detached epithelial cells are present, the diagnosis of GVHD by stool smear would be delayed in such cases. Further studies are necessary to fully define the usefulness of stool smears for the diagnosis of intestinal GVHD. In summary, stool smears may become a useful tool for the diagnosis of acute intestinal GVHD by revealing apoptosis among detached intestinal epithelial cells.
